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INTRODUCTION 

The Argonne Premium Coal Samples represent  a unique oppor tuni ty  t o  s tudy 
a s e t  of p r i s t i n e  samples s e l e c t e d  t o  represent  t h e  vas t  d i v e r s i t y  of chemical 
s t r u c t u r e s  e x h i b i t e d  by U.S. coals. I n  order  t o  determine i f  t h e r e  w i l l  be 
any non-oxidative changes i n  these coa ls  dur ing  long term s t o r a g e  a p r o j e c t  
h a s  been i n i t i a t e d  u t i l i z i n g  a wide rage of chemical and phys ica l  tech-  
niques. One of t h e s e  techniques meant t o  focus on any changes which may occur  
i n  the v o l a t i l e s  and e x t r a c t a b l e s  is descr ibed i n  this  paper. 

We b e l i e v e  t h a t  t h e  m a t e r i a l  t h a t  can be ex t rac ted  from t h e  coal  w i l l  
provide important  in format ion  concerning any changes which may occur dur ing  
long term s torage .  These m a t e r i a l s  a r e  e a s i l y  s tud ied  by wel l  es tab l i shed  
technLques (1-5) and t h e  sugges t ion  has been made t h a t  they may be repre-  
s e n t a t i v e  of t h e  chemical s t r u c t u r e s  Eound i n  t h e  bulk coa l  (1-3). 

EXPERIMENTAL 

An overview of t h e  experimental  procedures is presented  i n  Figure 1. In  
order  t o  reduce exposure t o  atmospheric oxygen a l l  t r a n s f e r s  and weighings 
were performed i n  a glove box under ni t rogen.  The Argonne Premium Coal 
Samples (APCS) used i n  t h i s  s tudy and t h e i r  e lemental  a n a l y s i s  a r e  given i n  
Table 1. The p r e p a r a t i o n  of t h e  Argonne Premium Coal Samples has been 
descr ibed by Vorres and Janikowski (6). A l l  of t h e  samples were - 100 mesh 
except  f o r  APCS 12 and #6 which were not  a v a i l a b l e  i n  t h e  smaller mesh s i z e  
when the  work was performed. The c o a l s ,  excluding the  low rank APCS 1 2  were 
d r i e d  before  e x t r a c t i o n  a t  100°C f o r  16 hours under vacuum then  brought t o  
constant  weight. APCS #2 was ex t rac ted  without  drying due t o  p o s s i b i l i t y  t h a t  
drying would i r r e v e r s i b l y  modify its phys ica l  and chemical s t ruc ture .  The 
water  content  of t h i s  coa l  was determined in a s e p a r a t e  experiment. 

Each c o a l  was e x t r a c t e d  i n  250 m l .  of b o i l i n g  benzene/methanol (31/69 w/w 
percent )  f o r  48 hours  under ni t rogen.  The e x t r a c t  was removed by vacuum 
f i l t r a t i o n .  The r e s i d u e  w a s  washed with ca. 50 rnl. of the benzenelmethanol, 
d r ied  a t  100°C under vacuum t o  cons tan t  weight. The benzene/methanol was 
s t r i p p e d  from t h e  e x t r a c t  a t  70°C under vacuum i n  a ro ta ry  evaporator  and t h e  
e x t r a c t  brought to  cons tan t  weight. 

The e x t r a c t  was then separa ted  i n t o  n ine  f r a c t i o n s  us ing  t h e  desorpt ion 
column chromatographic technique developed by Farcas iu  (7). I n  our appl ica-  
t i o n  of t h i s  technique  t h e  e x t r a c t  was d isso lved  i n  7 m l .  of t h e  
benzenelmethanol and coated on 6.65 grams of dr ied  s i l i c a  g e l  by evaporat ing 
t h e  solvent .  The coated s i l i c a  g e l  was placed on t h e  top  of the column 
containing 26.8 grams of Aldrich Grade 12 s i l i c a  ge l .  This  s i l i c a  g e l  had 
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been dr ied  f o r  8 hours  a t  120°C and then  rehydrated t o  4 percent  water. The 
s e q u e n t i a l  e l u t i o n  s o l v e n t s  in order  of use and t h e  c l a s s e s  of compounds 
repor ted  f i n d i n g  in each f r a c t i o n  a r e  presented in Table 2. A s tandard  volume 
of 500 m l  was used f o r  each e l u t i o n .  In order  t o  c o r r e c t  f o r  s i l i c a  g e l  d i s -  
solved in each of t h e  f r a c t i o n s ,  blank e l u t i o n s  were performed under t h e  same 
condi t ions  as used f o r  t h e  a c t u a l  separa t ion .  The so lvent  was s t r i p e d  form 
each f r a c t i o n  by r o t a r y  evaporat ion under vacuum, and t h e  e x t r a c t  brought t o  
constant  weight. 

Analysis of each f r a c t i o n  was by Gel Permeation Chromatography (GPC) and 
Gas Chromatography Mass Spectroscopy. The GPC separa t ion  in u t i l i z e d  t h r e e  
U l t r a  S tyrage l  columns wi th  exclusion limits of 1000, 500 and 100 angstroms 
connected in s e r i e s  t o  an r e f r a c t i v e  index and u l t r a v i o l e t  d e t e c t o r .  The 
te t rahydrofuran  mobil phase was pumped through t h e  columns a t  a f l o w  r a t e  of 
1 ml/min. C a l i b r a t i o n  f o r  the  conversion of r e t e n t i o n  times t o  molecular  
weight u t i l i z e d  a s e r i e s  of aromatic  compounds ranging from naphthalene 
(128 g/mole) t o  erythromycin (734 g/mole). The GCMS s e p a r a t i o n s  were 
performed on a Kratos MS25 instrument  wi th  a OV-1701 column. 

Solvent swel l ings  of t h e  res idues  from t h e  e x t r a c t i o n s  were performed 
us ing  t h e  grav imet r ic  technique u t i l i z e d  by Green e t  a l .  ( 8 ) .  B r i e f l y  ca. 
1.1 grams of t h e  res idue  from t h e  e x t r a c t i o n  w a s  placed in a d e s i c c a t o r  w i t h  
t h e  benzene methanol swel l ing  mixture in t h e  base. The so lvent  mixture  w a s  
f rozen  and t h e  d e s i c c a t o r  evacuated t o  remove the  air. After  thawing t h e  
f r e e z e  thaw cyc le  was repeated t w o  more t i m e s .  The s w e l l i n g  c o e f f i c i e n t s  
(weight of swollen coal/weight of unswollen c o a l )  were determined a f t e r  36 
hours. 

I 

RESULTS AND DISCUSSION 

The y i e l d s  of benzene/methanol e x t r a c t a b l e s  a r e  p l o t t e d  versus  carbon 
content  i n  F igure  2. Excluding Wyodak subbituminous c o a l  (APCS # 2 ) ,  t h e  
y i e l d s  decreased with rank in a non-linear manner. The low e x t r a c t a b i l i t y  of 
Wyodak, r e l a t i v e  t o  t h e  t rend def ined by t h e  h igher  rank c o a l s ,  may be 
a t t r i b u t a b l e  t o  two f a c t o r s .  This coa l  conta ins  a m c h  h igher  oxygen 
content .  Thus, t h e  e x t r a c t a b l e s  from t h i s  c o a l  should be more p o l a r  and 
e x h i b i t  a g r e a t e r  propens i ty  towards in t ramolecular  hydrogen bonding than  
e x t r a c t a b l e s  from c o a l s  of h igher  rank. The r e l a t i v e l y  non-polar 
benzene/methanol may be incapable  of s o l v a t i n g  t h e  p o t e n t i a l l y  e x t r a c t i b l e  
mater ia l .  The so lvent  swel l ing  c o e f f i c i e n t  (Figure 6) f o r  t h i s  coa l  i n d i c a t e s  
t h a t  benzene/methanol does not  show a d i s p a r i t y  in its a b i l i t y  t o  g a i n  access  
t o  t h e  macTomolecular s t r u c t u r e .  The Wyodak c o a l  contained 30.'4 f 0.4 percent  
water  which was t h e  h ighes t  water content  of a l l  t h e  coa ls  s tudied.  It was 
a l s o  the  only coa l  which was not dr ied  p r i o r  t o  ex t rac t ion .  The water  from 
t h i s  coa l  could have modified t h e  e x t r a c t i o n  p o t e n t i a l  of t h e  benzene methanol 
enough t o  account f o r  t h e  observed y ie ld .  R e p r o d u c i b i l i t i e s  of t h e  
e x t r a c t i o n s  were q u i t e  good with s tandard  d e v i a t i o n s  a s  i n d i c a t e d  by t h e  e r r o r  
b a r s  on Figure  2. ranging from 0.0 t o  0.22 percent  of t h e  mean e x t r a c t i o n  
y ie ld .  

The percentage of t h e  benzene/methanol e x t r a c t  in each of t h e  LC 
f r a c t i o n s  cor rec ted  f o r  d i sso lved  s i l i c a  g e l  is presented in Figure 3. The 
so lvent  or mixture  used t o  e l u t e  each of t h e  f r a c t i o n s  can be found in 
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Table 2. Only f r a c t i o n s  2,  5 and 6 appeared t o  show any rank dependence. 
Frac t ion  2 which Farcas iu  (7)  a t t r i b u t e d  t o  small non-polar  aromatics  was 
found t o  conta in  a homologous s e r i e s  of l i n e a r  a lkenes of even number domin- 
ance ,  having a maximum in t h e i r  d i s t r i b u t i o n  near  20 carbons. This d i s t r i -  
but ion is probably not  inherent  t o  t h e  coa l ,  but  an a r t i f a c t  of t h e  severe  
condi t ions  used i n  removing the  s o l v e n t s  from t h e  e x t r a c t s  and LC f r a c t i o n s .  
Figure 4 presents  t h e  t o t a l  e x t r a c t  in t h i s  f r a c t i o n  p l o t t e d  with respec t  to  
carbon content  f o r  each of t h e  coa ls  s tud ied .  The oppos i te  t rend  may occur ,  
w i t h  a h igher  percentage of the  e x t r a c t  from the  higher  heteroatom content  
lower ranked coa ls  e l u t i n g  i n  f r a c t i o n s  5 and 6. This t rend  of a higher  
percentage of the e x t r a c t a b l e 6  e l u t i n g  a t  h igher  e luent  p o l a r i t y  f o r  lower 
rank coal  is i l l u s t r a t e d  i n  Figure 5 where y i e l d s  a r e  p l o t t e d  versus  f r a c t i o n  
number f o r  Upper Freepor t  and Wyodak coals .  Although t h e  t r e n d s  can e a s i l y  be 
seen  t h e  e r r o r s  a s s o c i a t e d  with t h e  measurements a r e  so l a r g e  t h a t  no 
s t a t i s t i c a l l y  v a l i d  conclusion can be drawn. 

The average molecular  weight from GPC f o r  LC f r a c t i o n s  2-9 is presented 
in Figure 6. A l l  of  t h e  r e t e n t i o n  times were w i t h i n  t h e  l i n e a r  por t ion  of t h e  
c a l i b r a t i o n  curve (128-734 grams/mole). One must be c a r e f u l  i n  ass igning  
moleQlar  weights  f o r  GPC r e t e n t i o n  t imes f o r  compounds d i s s i m i l a r  t o  t h e  
c a l i b r a t i o n  s tandards  due t o  the b a s i s  of t h e  GPC technique on molecular s i z e  
r a t h e r  t h a n  molecular  weight (9). However, comparisons of i n t r a f r a c t i o n  
v a r i a t i o n  in molecular  weight should be v a l i d  i f  s i m i l a r  mater ia l  is e lu ted  
f o r  each sample. The maximum i n  t h e  molecular weight d i s t r i b u t i o n  increased 
up to f r a c t i o n  7. I n d i c a t i n g  a p o s s i b l e  dependence of the-LC f r a c t i o n a t i o n  
technique on molecular  s i z e  a s  w e l l  a s  f u n c t i o n a l i t y .  Above f r a c t i o n  6 t h e  
molecular weight appeared t o  decrease. Only a small amount of t h e  t o t a l  
e x t r a c t  (< lo%)  was e l u t e d  i n  these  two f r a c t i o n s .  No v a l i d  i n t r a f r a c t i o n  
d i f f e r e n c e s  could be observed, due t o  t h e  s i m i l a r i t i e s  i n  t h e  mean molecular 
weight values  and t h e  r e l a t i v e l y  l a r g e  e r r o r s  assoc ia ted  with t h e  treasure- 
ments. 

The swel l ing  c o e f f i c i e n t  in benzene/methanol is p l o t t e d  versus  carbon 
content  in Figure 7. It decreases  w i t h  rank in a non-linear manner up t o  
Upper Freepor t  c o a l  (APCS #I )  a t  87.1 percent  carbon. The Pocahontas l v  
bituminous coa l  (APCS 8 5 )  a t  89.6 percent  carbon exhib i ted  a s t a t i s t i c a l l y  
s i g n i f i c a n t  i n c r e a s e  in i t s  swel l ing  c o e f f i c i e n t .  This break in t h e  swel l ing  
t rend  corresponds t o  t h e  break in the  c o a l i f i c a t i o n  p a t t e r n  around 87 percent  
carbon a t t r i b u t e d  t o  a maximum in t h e  macromolecular c ross - l ink  dens i ty  by 
Larsen and Kovac (10). Standard devia t ions  were found t o  be l e s s  than 0.4 
percent  of t h e  s w e l l i n g  c o e f f i c i e n t  i n d i c a t i n g  a v a l i d  d i f f e r e n c e  between t h e  
mean va lues  f o r  e a c h  of t h e  coals  s tud ied .  

CONCLUSIONS 

S i g n i f i c a n t  d i f f e r e n c e s  have been observed in t h e  t o t a l  amount of 
m a t e r i a l  e x t r a c t e d  from t h e  Argonne Premium coal  samples and t h e  swel l ing  
c o e f f i c i e n t s  of t h e  r e s u l t i n g  res idues .  Each genera l ly  decreased with 
increas ing  carbon conten t  a s  would be expected. Differences were observed in 
t h e  amount of the e x t r a c t  p ropor t iona t ing  i n t o  each of t h e  LC f r a c t i o n .  A 
higher  percentage of t h e  e x t r a c t  from coa ls  of lower rank appeared t o  e l u t e  i n  
t h e  more p o l a r  f r a c t t o n s ,  although t h e  experimental  procedure w i l l  have t o  be 
r e f i n e d  before  one can be sure  t h a t  t h i s  conclusion is val id .  There d id  not  

342 



appear t o  be any s i g n i f i c a n t  d i f f e r e n c e s  between t h e  i n t r a f r a c t i o n  maximum in 
the  molecular weight p r o f i l e  f o r  any of t h e  samples. The da ta  repor ted  in 
t h i s  paper represents  b a s e l i n e  va lues  f o r  t h e  benzene/methanol e x t r a c t a b l e s  
from the  Argonne Premium Coals. The next phase of t he  p r o j e c t  w i l l  involve  
t h e  r e p e t i t i o n  of these  experiments in order  t o  determine i f  any changes a r e  
occurr ing during s torage.  
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TABLE 1. Composition of t h e  Coals used in t h i s  Study. 

APCS No. Coal X Carbon Composition 

(dmmf) 

~~~~~ 

1 Upper F r e e p o r t  mv bituminous 87 ' '1 OOH7 5. 8N1. 48'. 26'2.58 

2 Wyodak subbituminous 72 '0  C100H95.0N1. 19s.26021. 3 

3 Illinois 16 hvC bituminous 77'8 c100HS7. gN1, 54'1.30O8.8 
4 P i t t s b u r g h  NO. 8 hvA bituminous 83.4 C100H84.gN1.69S0.4006.03 

5 Pocahontas l v  bituminous 89* '100H62. gN1. 15s0.1703. 2 6  

6 Utah Blind Canyon bituminous 75 '7  C100Hlll.0N1.59S0.2015.16 

TABLE 2. The sequence of s o l v e n t s  used f o r  t h e  e l u t i o n s  of t h e  var ious LC 
f r a c t i o n s ,  and c l a s s e s  of compounds e l u t e d  a s  reported by 
F a r c a s i u  (7 ) .  

F r a c t i o n  No. Solvent  Major Components 

1 Hexane S a t u r a t e s  

2 Hexane/l5% benzene Aromatics 

3 Chloroform Polar  aromatics ,  Non-basic 
N,O,S-heterocyclics 

4 Chloroform/lO'C d i e t h y l  e t h e r  Monophenols 

5 Diethyl  e ther /3% e thanol  Basic  n i t rogen  he terocycl ics  

6 Methanol 

7 Chloroform/3% e thanol  

8 Tetrahydrofuran 

9 Pyr id ine /3% e thanol  

10 

Highly f u n c t i o n a l  molecules 
010  w t %  heteroatoms) 

Polyphenols 

Increas ing  0 content  and 
increas ing  b a s i c i t y  of n i t rogen  

Increas ing  0 content  and 
i n c r e a s i n g  b a s i c i t y  of n i t rogen  

Non-eluted, u n i d e n t i f i e d  
m a t e r i a l s  
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Percent of Total Extractables 

0 
- h) 

Percent of Total Extracobles - 
0 
0 

N 

0 

Percent of Toto1 Extroctables 



Percent of Total Extractables 

Molecular Weight 
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